Metabolism of left ventricular myosin was studied in rabbits (2.7-3.2 kg) following banding of the ascending aorta (65% occlusion). In 26 rabbits the incorporation of amino acid into myosin was determined 2, 3, 4, 9, and 15 days after either stenosis or sham operation by injecting 3 H-lysine (0.5 me/kg) 4 hours before the animals were killed. In 32 rabbits the same dose of 3 H-lysine was injected 24 hours before surgery, and disappearance of isotope from myosin was measured by killing the rabbits after 3, 5, 7, 10, or 16 days. Specific radioactivity of free lysine, myosin, and total proteins was determined in left ventricular samples from each animal. The experimental results indicate that: (1) left ventricular peak systolic pressure increased from 97 to 163 mm Hg; (2) the ratio of left ventricular weight to body weight increased about 16%; (3) disappearance of free 3 H-lysine was similar in rabbits with aortic stenosis and those with sham operations; (4) after the second day myosin synthesis was greater in rabbits with aortic coarctations, reaching a maximum increase of 117% on the tenth day; (5) synthesis of left ventricular total proteins also reached a maximum of about 56% on the tenth day; (6) the decrease in specific radioactivity of myosin in rabbits with aortic coarctation was slower than it was in sham-operated animals. The experimental results were analyzed by a computerized simulation of myosin metabolism which allowed the rate constant for myosin degradation to be calculated on successive days after coarctation. The best fit to the observed changes in myosin content was obtained when degradation was increased with the increase in synthesis; when degradation was assumed to be unchanged from sham-operated animals or was decreased, myosin content was overestimated. Moreover, these calculations showed that decay in specific radioactivity of labeled myosin was affected very little even by a large (hundredfold) decrease in degradation. It is concluded that the increased myosin content during development of cardiac hypertrophy is primarily a consequence of increased synthesis.
H-lysine was similar in rabbits with aortic stenosis and those with sham operations; (4) after the second day myosin synthesis was greater in rabbits with aortic coarctations, reaching a maximum increase of 117% on the tenth day; (5) synthesis of left ventricular total proteins also reached a maximum of about 56% on the tenth day; (6) the decrease in specific radioactivity of myosin in rabbits with aortic coarctation was slower than it was in sham-operated animals. The experimental results were analyzed by a computerized simulation of myosin metabolism which allowed the rate constant for myosin degradation to be calculated on successive days after coarctation. The best fit to the observed changes in myosin content was obtained when degradation was increased with the increase in synthesis; when degradation was assumed to be unchanged from sham-operated animals or was decreased, myosin content was overestimated. Moreover, these calculations showed that decay in specific radioactivity of labeled myosin was affected very little even by a large (hundredfold) decrease in degradation. It is concluded that the increased myosin content during development of cardiac hypertrophy is primarily a consequence of increased synthesis.
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• The heart responds to an increase in work load by increasing its weight. During this response the heart is thought to pass through a series of metabolic adjustments, including changes in the rate of production and reported that degradation of cardiac proteins is increased (1), unchanged (2) , and decreased (5) in response to augmentation of work load.
Interpretation of the data presented in many of these earlier studies on metabolism of cardiac proteins during development of hypertrophy is limited by several factors. First, the myocardium is composed of several cell types (6, 7) , including muscle cells, fibroblasts, and vascular endothelium, which may all alter their synthesis of proteins to varying degrees in response to work overload. Even within a cell population there may not be a uniform increase in synthesis of all proteins during compensatory growth. Second, measurements of protein synthesis generally have been made without adequate consideration of the effects of changes in organ weight or variations in specific radioactivity of the amino acid used for labeling. Third, the degradation of cardiac proteins usually has been inferred from their isotope-decay curves without analysis of the influence of changes in protein synthesis or recycling of labeled amino acids.
The purpose of this study is to measure the synthesis and degradation of a single cardiac muscle protein during the initial phase of the metabolic response of the heart to an increased work load. Myosin was chosen for this purpose because of its importance in the contractile process and because it can be easily labeled and isolated in relatively pure form.
Use of a purified protein does not avoid the major problem associated with measurements of protein degradation, namely, reutilization of the labeling compound. In this study myosin is labeled with a reusable amino acid, ''H-lysine, which is readily isolated by highvoltage electrophoresis, so that the disappearance of labeled free lysine in small tissue samples can be followed. Myosin degradation is then calculated using a kinetic model into which changes in myosin content, myosin synthesis, and free 3 H-lysine are incorporated. kg, which were maintained on a diet of rabbit chow and water. Coarctation was produced in 71 rabbits by placing an aluminum band around the ascending aorta so as to reduce its diameter about 6556. Operations were performed using sterile techniques under pentobarbital anesthesia. Shamoperations were performed on 54 rabbits, and a loose-fitting aluminum band was placed around their ascending aortas. Seventy percent of the rabbits with aortic coarctation and about 83% of the sham-operated rabbits survived the banding operation.
Methods
In sham-operated rabbits, and in rabbits with aortic coarctation incorporation of amino acid into myosin and total left ventricular proteins was measured 2, 3, 4, 9, and 15 days after operation by injecting 0.5 me/kg 3H-Z-lysine HC1 (3.91 mc/ju,mole). The rabbits were killed 4 hours later, and samples of left ventricular muscle were taken for measurement of the specific radioactivity of free lysine, myosin, and total proteins. The rate of disappearance of radioactivity from free lysine, myosin, and total proteins was determined in a separate group of rabbits by injecting the same dose of isotope 1 day prior to either shamoperation or aortic coarctation. These rabbits were then operated on the next morning and killed after 3, 5, 7, 10, or 16 days.
For uniformity, all the rabbits were fasted overnight before labeling. Injections of isotope were made at the same time each morning to avoid possible diurnal variations in amino acid incorporation. Solutions of radioactive lysine HC1 were neutralized with NaOH and diluted with saline before injection.
Left Ventricular Pressure*.-Immediately prior to death, left ventricular pressures were measured by transthoracic puncture with 19-gauge Teflon tubing inserted over a sharp metal stylus. After entering the left ventricular cavity the stylus was withdrawn, and the tubing was connected to a Statham P23Db strain gauge. Recordings were made on an oscilloscopic recorder (Electronics for Medicine). The base line for pressure measurements was taken as the midthoracic line with the rabbits in the supine position.
Myosin.-Myosin was isolated by the method of Katz et al. (8) . The purity of myosin also was checked by SDS-acrylamide gel electrophoresis, using 5% and 10% acrylamide gels; the banding pattern was the same as that described by Sarkar et al. (9) for cardiac myosin. In these gels only traces of actin could be detected. The Ca 2 + -activated adenosinetriphosphatase of the myosin was about 0.35 //.moles Pj/min mg" 1 and the EDTA-activated value was about 1.0 /u.mole Pj/min mg-1 when assayed by the method of Sreteretal. (10) .
Lysine from Myosin.-Freshly isolated myosin was precipitated from solution with an equal volume of 10% trichloroacetic acid. The precipitate was suspended in ether twice and dried. About 5 mg of myosin powder was hydrolyzed with 6N HC1 in a sealed glass tube at 110°C for 24 hours. HC1 was removed by lyophilization and the residue was dissolved in 0.5 ml of H 2 O for electrophoresis.
Free Lysine.-For measurement of free lysine in cardiac tissue about 1 g of left ventricular myocardium was homogenized in a blender with 10 volumes of 1% picric acid. The picric-acid extracts were prepared for electrophoresis as previously described (11, 12) . For measurements of free lysine in plasma, about 10 ml of blood was drawn in a syringe containing heparin. After separation from the red cells by centrifugation, the plasma was extracted with picric acid in the same manner.
Electrophoresis of Lysine.-Lysine was separated by high-voltage electrophoresis on Whatman 3 MM paper ( 2 1 x 9 4 cm) (13) . Four samples together with two aliquots of a standard radioactive lysine solution were processed simultaneously. Electrophoresis was performed using a pyridine-acetate buffer (pH 6.25) at 3 kv for 2 hours. The paper was stained with cadmiumninhydrin reagent, and the spots were eluted in methanol. The absorbance of the samples and standards was measured at 505 m/i in a Gilford spectrophotometer. The samples were evaporated to dryness and decolorized with 0.5 ml of 1% sodium bisulfite; their radioactivity was determined by liquid scintillation counting in Bray's solution (14) .
Total Proteins.--Tissue samples weighing about 500 mg were homogenized in an ice bath with a few milliliters of water. The tissue suspension was precipitated with an equal volume of 10% trichloroacetic acid, and the resuspended precipitate was washed three times in cold 5% trichloroacetic acid and heated at 90°C for 30 minutes. The centrifuged precipitate was washed with a mixture containing equal parts of chloroform, acetone, and ether. After drying, aliquots of powder (10 mg) were placed in counting vials and dissolved in 2 ml of NCSSolubilizer (Nuclear-Chicago, Des Plaines, Illinois). Radioactivity was determined by liquid scintillation counting in toluene containing 4 g of 2, 5-diphenyIoxazole and 50 mg of 1, 4-bis-2-(5-phenyloxazolyl)-benzene per liter.
Radioactivity.-Radioactivity was measured in a Nuclear-Chicago Mark I liquid scintillation counter. After subtraction of background radioactivity, correction for quenching was made by use of an external standard. The efficiency obtained was frequently checked using 3 H-toluene as an internal standard.
Chemicals.-Reagent grade chemicals and water which had been redistilled in glass were used in all experiments. DEAE-cellulose and ionexchange resins were obtained from Bio-Rad Laboratories, Richmond, California. Radioisotopes were purchased from New England Nuclear Corp., Boston, Massachusetts.
Calculations-Incorporation of Isotope into Myosin.-Incorporation of lysine into total left ventricular myosin during a 4 hour labeling period, normalized for body weight, was used as an index of myosin synthesis:
where e = index of myosin synthesis (dpm/kg), a m = specific radioactivity of lysine incorporated into myosin (dpm/ynmole), n^ = lysine content of myosin (yiimoles//Amole), M -myosin content of the left ventricle (//.moles), and W = body weight (kg).
Since the yield of left ventricular myosin was similar in all experiments (see Results), the total myosin content was taken to be a constant proportion of left ventricular wet weight (45 mg/g). 1 The molecular weight of myosin is about 500,000 (9) . The lysine content of myosin is about 82 ^imoles/fimole (12) .
Calculations-Kinetic Analysis.-Considering the left ventricle as a whole, changes in radioactivity of myosin can be written as:
where C = radioactivity of myosin (dpm), v= myosin synthesis (/imoles/day), k'-rate constant for myosin degradation (day-1 ), n L = lysine content of myosin (/imoles/jumole), a t = specific radioactivity of free tissue lysine (dpm/ /i,mole), and a m -specific radioactivity of lysine contained in myosin (dpm//imole).
Since
(4) the rate of change of the amount of myosin in the left ventricle can be written as
Integration of Eqs. 4 and 5 yields C and M as theoretical total myosin concentration = (total left ventricular protein [15] ) 144 mg/g X (fraction myofibrillar protein [15] ) 0.50 X (fraction myosin in myofibrillar protein [16] ) 0.62 = 44.6 mg/g wet weight.
functions of time, and the specific radioactivity of lysine in myosin can be calculated from Eq. 3.
In Eqs. 4 and 5, v, k, and a f are taken to be functions of time. A program to solve these equations was written in MIMIC, a computer language particularly suitable for solving differential equations. 2 Experimentally determined values of a f at various times were entered directly into the computer, and values at intermediate times were obtained by linear extrapolation. The time dependency of v and k was handled in the following way. (1) In animals which had not undergone surgery and in which cardiac growdi was negligible.
(2) The rate constant for myosin degradation at time zero, k 0 , was taken to be about 0.09 days" 1 , as determined previously in this laboratory for rabbits of the same body weight (12) . Then VQ was calculated from Eq. 7. (3) On subsequent days during the experiment myosin synthesis, v, was taken to be proportional to the measured values of the index of myosin synthesis, e, 
(4) Variations with time in the rate constant for myosin degradation, k, were chosen to give the best fit to the observed changes in myosin content and to the myosin-decay curve.
Results

Left Ventricular Pressures and Weight -
The left ventricular pressures, heart weight, body weight, and left ventricular water content in normal rabbits (had not undergone any surgery), sham-operated rabbits, and rabbits with aortic coarctation are shown in Table 1 .
Normal rabbits had an average left ventricular pressure of 97 ± 4/2 ± 1 mm Hg. Following the sham operation left ventricular pressures remained essentially normal. However, after aortic coarctation systolic pressure increased to a maximum of 155 mm Hg on the fifth day, then gradually decreased to about 130 mm Hg by the fifteenth day. The average end-diastolic pressure was elevated 11 mm Hg after 15 days in rabbits with aortic coarctation.
The ratio of left ventricular weight to body weight during the first 4 days after surgery increased slightly in both groups, mainly as a consequence of a small (6%) decrease in body weight. In the group with stenosis the ratio of left ventricular weight to body weight increased, beginning about the fourth day after the operation, and reached a maximum increase of 16% on the twelfth day. This increase in the ratio in rabbits with aortic coarctation was statistically highly significant 2 There was no significant change in water content of the left ventricle after aortic stenosis. As shown in Table 1 , the water content averaged about 75% in normal rabbits, sham-operated rabbits, and rabbits with aortic coarctation.
Free Lysine.-The disappearance of free 3 H-lysine from the left ventricle during the 4-hour labeling period used to measure myosin synthesis is shown in Figure 1 . Since it was not feasible to determine the time course of free 3 H-lysine disappearance on each day that myosin synthesis was measured, observations were made on the fourth day, when left ventricular systolic pressure was elevated maximally. No difference was found in the disappearance of free 3 H-lysine between sham-operated rabbits and rabbits with aortic coarctation. Table 2 shows the specific radioactivity of free lysine in the left ventricle at the end of the 4-hour labeling periods used to measure myosin synthesis at intervals of 2-15 days after the operation. No differences between rabbits that underwent sham operations and those with aortic coarctation were noted with respect to free 3 H-lysine. Specific radioactivity of free lysine during experiments on the degradation of myosin following aortic coarctation and sham operation are given in Figure 2 . Since the animals in these experiments were injected with isotope 1 day prior to surgery, values for free 3 H-lysine from 5 minutes to 1 day after injection obtained in normal rabbits (12) have been plotted together with values for sham-operated rabbits and for rabbits with aortic coarctation. Plasma and tissue values for free 3 Hlysine approach equilibrium very rapidly after injection ( Fig. 2A ). Disappearance of free 3 Hlysine from the tissue is similar in shamoperated rabbits and rabbits with aortic coarctation (Fig. 2B) . Myosin Yield.-The yield of myosin from the left ventricle of normal and sham-operated rabbits and from rabbits with aortic coarctation is essentially the same (Table 3) . Since purity, rather than maximum yield was sought, these values do not reflect the actual myosin content of the ventricle. Approximately 50% of the protein content of the ventricle is myofibrillar protein (15) , about 60% of which is myosin (16) . Hence, myosin normally represents about 30% of the total myocardial proteins. Available data suggest that the concentration of myofibrillar proteins is not greatly altered in moderate degrees of cardiac hypertrophy (15, 17, 18 Values are means =*= SD. Number of experiments is given in parentheses.
Myosin Synthesis.-After intravenous injection, radioactive lysine is rapidly incorporated into cardiac myosin; the specific activity reaches a maximum value within 1 day (12). In a preliminary experiment, 3 H-lysine incorporation was measured at 5, 60, 120, and 240 minutes after injection and found to be 30, 75, and 90%, respectively, of the incorporation after 24 hours. Hence, a 4-hour labeling period was selected, because it was long enough to achieve near maximum isotope incorporation and yet short enough to avoid significant reutilization of the isotope. 
H-lysine incorporated into total left ventricular myosin, normalized for body weight, i.e., index of myosin synthesis (see Eq. 1).
Changes in synthesis of left ventricular myosin following aortic coarctation and sham operation are shown in Figure 3 . The first point represents the values obtained in normal rabbits. In sham-operated rabbits incorporation of 3 H-lysine into left ventricular myosin decreased during the first 2 days after the operation. Therefore, myosin synthesis was essentially normal.
For the first 2 days after surgery in animals with aortic coarctation, incorporation of 3 Hlysine into left ventricular myosin was also less than in normal rabbits. However, the decrease was less than that observed in sham-operated rabbits. If rabbits with aortic coarctation had been compared only with sham-operated rabbits, an increase in the rate of myosin synthesis would have appeared to have occurred during the first 2 days after coarctation.
Beginning the third day after surgery, 3 Hlysine incorporation into left ventricular myosin increased rapidly in rabbits with aortic coarctation, reaching a maximum increase of about 117% of normal on the seventh day. Thereafter, 
Incorporation of s H-lysine into total left ventricular proteins during a 4-hour labeling period. These results have been normalized for body weight.
somewhat, but remained greater than normal for the entire 15-day period of these experiments.
Total Protein Synthesis.-In contrast to myosin synthesis, incorporation of 3 H-lysine into total left ventricular protein rapidly increased for several days after coarctation (Fig. 4) . Maximum incorporation of 3 H-lysine into total left ventricular protein was about one and one-half times normal on the third day after the operation and remained elevated until about the tenth day, after which it returned toward normal.
Changes in Radioactive Myosin
Decay. - Figure 5 shows the disappearance of radioactive myosin from the left ventricles of Figure 5A the results are expressed as total radioactivity incorporated into myosin per left ventricle, normalized for body weight. In sham-operated rabbits left ventricular myosin radioactivity decreased monotonically beginning the second day after the operation. However, in rabbits with aortic coarctation incorporation of 3 H-lysine into left ventricular myosin increased until the fifth day after surgery, then decayed more slowly than in the sham-operated group. As shown in Figure 5B , changes in decay of the specific radioactivity of left ventricular myosin in rabbits with aortic coarctation were similar to the changes in decay of total radioactivity.
Since the changes in decay of radioactive left ventricular myosin in rabbits with aortic coarctation are accompanied by marked alterations in the rate of myosin synthesis (Fig. 3) , the results do not lend themselves to simple interpretation. Accordingly, a kinetic analysis has been made of myosin metabolism during development of cardiac hypertrophy.
Mathematical Analysis.-Using the data for disappearance of free 3 H-lysine in tissue (a f ) shown in Figure 2 and the measured estimates of myosin synthesis, v, a m was calculated as described in the Methods. The rate constant for myosin degradation, k, and changes in myosin content, M, which gave the best fit to the observed results were calculated.
The calculated values of a m and M/M o which gave the best fit to the experimentally measured values in sham-operated animals are depicted in Figure 6 . The rate constant for myosin degradation, k, does not vary greatly from the value in normal rabbits (0.09 days" 1 ), except for an increase to about 0.14 days" 1 on the third day of the experiment (2 days after surgery). An increase in myosin degradation at that time is consistent with the general catabolic effects of surgery.
In the calculations for rabbits with aortic coarctation three patterns of variations in degradation of myosin were tried. (1) Myosin degradation was assumed to be the same as it was in sham-operated rabbits. (2) The rate constant for myosin degradation was changed on various days during the experiment to best approximate the increase in myosin content. (3) Myosin degradation was decreased a hundredfold from the value for sham-operated rabbits.
When myosin degradation in rabbits with aortic coarctation was assumed to be the same as it was in sham-operated rabbits, the decay in myosin-specific radioactivity was slightly slower than it was after sham operation (Fig.  7A ). This is a consequence of the increase in synthesis which occurs from the third to the tenth day while the specific radioactivity of free lysine is relatively high. Interestingly, this pattern of myosin degradation overestimated the increase in myosin content. As shown in Figure 7B , by the sixteenth day, M/M o was nearly one and a half times greater than the experimental value.
The results obtained by changing k with time after coarctation so as to more closely approximate the observed increase in myosin content are shown in Figure 8 . The rate constant for myosin degradation (Fig. 8D ) must be increased to obtain a better estimate of M/M o . The calculated myosin isotope-decay curve (Fig. 8A) is not appreciably different than that obtained when degradation was assumed to be the same as in sham-operated rabbits (Fig. 7A) . The observed and the calculated increase in myosin are shown in Figure  8B . Since a decrease in the disappearance of labeled proteins has generally been interpreted (19) (20) (21) to indicate decreased degradation, simulation was carried out with a hundredfold decrease in myosin degradation rate. As indicated in Figure 9A , decreasing degradation had relatively little influence on changes in the specific activity of myosin. Apparently the reason for this is that when myosin synthesis is unopposed by degradation, the additional myosin incorporated tends to dilute the total specific radioactivity. The decay in total radioactive myosin, of course, is slower in this circumstance. 
Discussion
The experimental results indicate that synthesis of myosin is increased following aortic coarctation. Mathematical analysis shows that the best fit to the observed increase in myosin content is obtained when myosin degradation also is increased. These results deserve further consideration concerning (1) the method used for analysis of myosin kinetics and (2) previously reported changes in metabolism of myosin and other myocardial proteins during development of cardiac hypertrophy.
Analysis of Myosin Kinetics.-We have shown previously that in normal animals the isotope-decay curve for cardiac myosin labeled with 14 C-guanidoarginine probably are reused to some extent in heart muscle (12) . Thus, our estimate of the initial rate of myosin degradation (day zero) would seem to be reasonable. However, the exact value for k is subject to several assumptions which are difficult to experimentally verify. pool in the tissue reflects the specific radioactivity of the immediate precursor at the site of intracellular myosin formation. The first two assumptions are implicit in nearly all in vivo studies of protein metabolism and require no special comment. The third assumption requires discussion because its validity seems much less certain. Since rabbits with aortic coarctation and those with sham operations were operated on 1 day after injection of isotope, by which time free lysine had approached equilibrium between plasma and heart ( Fig. 2A) , free 3 H-lysine in the tissue approximated intracellular 8 H-lysine in the present calculations of myosin kinetics. However, the immediate precursor for protein synthesis is amino acyl-transfer RNA (tRNA) and not intracellular free amino acids. The work of Loftfield and Harris (22) suggests that the specific radioactivity of free amino acids in the tissue may be similar to that of the amino acids attached to tRNA. These workers infused labeled amino acids into rats until a steady state had been established between plasma-and tissue-specific radioactivities. They then induced a liver protein (ferritin) and were able to show that the specific radioactivities of amino acids in newly formed protein were essentially the same as in the intracellular pool. In an experiment using livers pooled from several animals Henshaw and co-workers (23) found that the specific radioactivity of intracellular free 3 H-lysine and 3 H-lysyl-tRNA agreed within 10%. Contrarily, there also are data suggesting that the measured specific radioactivity of the free lysine pool in the tissue may not be an accurate reflection of the immediate precursor for protein synthesis. Hider et al. (24) have presented evidence that at least in skeletal muscle amino acids may be taken up directly into protein from extracellular fluid, without passage through the intracellular free amino acid pool. Also, Righetti and co-workers (25) have shown that not all amino acids derived from protein breakdown enter the intracellular free amino acid pool; some may be reincorporated into protein via some other intracellular compartment. In the latter investigation, lysine appeared to be an exception among the amino acids studied; the specific radioactivity of lysine derived from protein breakdown was the same as that measured in the intracellular pool.
The uncertainties regarding the relationship between amino acid pools and myosin synthesis suggest that the results of the kinetic analysis should be regarded as only indicating the most likely qualitative changes in cardiac myosin metabolism during development of myocardial hypertrophy. At the moment, however, there would appear to be no better method for estimating these changes.
Metabolism of Myosin and Other Cardiac Proteins in Hypertrophy.-De Schryver and Gudbjarnason (26) apparently were the first to investigate cardiac myosin metabolism in vivo during the response to increased work loads. They reported that incorporation of ) was normal in animals with chronic left ventricular failure following coarctation. Changes in myosin degradation were not considered. Had their synthesis measurements taken into account the dilution of the specific radioactivity of newly made myosin by the greater mass of unlabeled myosin in animals with congestive heart failure (see Eq. 1), an increase in myosin synthesis would have resulted. Since the number of muscle cells within the heart is not significantly altered by work overload (6, 7), this distinction is particularly important in assessing the effect of stress on the ability of the cardiac muscle cell to make myosin. When incorporation of labeled amino acid into myosin is expressed in terms of whole heart (or ventricle), it can be taken as proportional to myosin synthesis per muscle cell.
More recently, a brief report has appeared indicating that myosin degradation is markedly decreased during development of cardiac hypertrophy (5). These workers indicate that the decay in myosin specific radioactivity after labeling with 3 H-leucine or 14 Cguanidoarginine is decreased and interpret this result to indicate that myosin degradation is almost "shut off" during the first few days after banding. We would caution against this interpretation. In the presence of increased synthesis decreased degradation has little influence on the rate at which the specific radioactivity of a labeled protein decays (see Fig. 9 ). Possible explanations for the delay in decay of myosin-specific radioactivity would include: (1) preferential recycling of lysine with high specific radioactivity incorporated into protein early in the experiment and subsequently degraded, or (2) mobilization of labeled 3 H-lysine from some intracellular store. The present results provide no direct evidence for either of these possibilities. Similar reasoning has been used by Arias and co-workers (21) to explain the retention of inherent in in vivo measurements of protein turnover by studying synthesis of myosin and other cardiac proteins in perfused rat hearts subjected to acute overload. In their studies myosin synthesis increased about 3 hours after overload. The rate of increase in myosin production appeared to lag behind the change in synthesis of total ventricular proteins but to proceed sooner than any increase in collagen or myoglobin synthesis. During these shortterm experiments there was no change in degradation of myocardial proteins as judged by the rate of appearance of ninhydrinpositive material in the perfusate.
In the present study left ventricular myosin synthesis was not observed to increase above normal until about the fourth day after the operation. However, since myosin synthesis was depressed in sham-operated rabbits immediately after surgery, had only rabbits that underwent sham operations and aortic coarctation been compared, myosin synthesis would have appeared to increase much earlier.
In attempting to relate the present results to those obtained by Schreiber et al. it should be borne in mind that the perfusion pressures used by these workers even during overload were lower than those found normally in the rat heart (28) . Hence, the validity of direct comparison with values obtained in vivo is uncertain.
